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FOREWORD

" The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC),
under System 921E, Project 9194,

The results of the tests presented were obtained by ARO, Inc.- (a sub-
sidiary of Sverdrup & Parcel and Associates, Inc.), contract operator.of
the Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), Arnold Air Force Station, Tennessee, under Contract
AF40(600)-1200. Program direction was provided by NASA/MSFC;
engineering liaison was provided by North American Rockwell Corporation,
Rocketdyne Division, manufacturer of the J-2 rocket engine and McDonnell
Douglas Corporation, Douglas Aircraft Company, Missile and Space .
Systems Division, manufacturer of the S-IVB stage. The testing
reported herein was conducted between November 27 and December 7,
1967, in Propulsion Engine Test Cell (J-4) of the Large Rocket Facility
(LRF) under ARO Project No. KA1801, The manuscript was submitted
for publication on March 13, 1968.

Information in this report-is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J), or higher authority. Private individuals or firms
require a Department of State export license.

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Roy R. Croy, Jr.
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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My ABSTRACT

" = “Eléven firings of the Rocketdyne J-2 Rocket Engine (S/N J-2047)
wetré'éonducted in Test Cell J-4 of the Large Rocket Facility. Pressure
altitudes ranged from 90, 000 to 110, 000 ft at engine start. These were
S-IT Stage, Vehicles 502 and 503, verification tests to investigate fuel °
pump operat1on at net positive suction head below the minimum model
" gpecifications at engine start, and to evaluate the effect of heavier oxidizer
"'turbihé wheels on engine start transients. Selected engine components were
thermally conditioned to targets predicted for the S-II stage engines. The
accumiilated firing duration for these tests was 130 sec.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine using an S-IVB battleship
stage has been in progress since July 1966 at AEDC in support of the J-2
engine application on the Saturn IB and Saturn V launch vehicles for the
NASA Apollo Program. The eleven firings reported herein were in support
of the S~II Stage, Vehicles 502 and 503, for the NASA Apollo Program,
They were conducted during test periods J4-1801-17 through J4-1801-19
between November 27 and December 7, 1967, in Propulsion Engine Test
"Cell (J-4) (Figs. 1 and 2, Appendix I) of the Large Rocket Facility (LRF')
to investigate fuel pump operation at net positive suction head values be-
low the minimum model specifications, Ref. 1, and to evaluate the effect
of heavier oxidizer turbine wheels on the engine start transient. These
firings were accomplished at pressure altitudes ranging from 90, 000 to
110, 000 ft (geometric/pressure altitude, Z, Ref. 2) at engine start, and
with predicted S-II interstage/engine temperature conditions as the targets
for conditioning selected engine components.

Data collected to accomplish the test objectives are presented herein.
Copies of all data obtained during this test have been previouslyisupplied
to the sponsor, and copies are on file at AEDC. The resulis of the pre-
vious test period are presented in Ref., 3.

SECTION II
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2 rocket engine (S/N J-2047) (Fig. 3) designed
and developed by Rocketdyne Division of North American Rockwell Corpora-
tion. The engine used liquid oxygen and liquid hydrogen as propellants and
has a thrust rating of 225, 000 lbs at an oxidizer-to-fuel mixture ratio of 5. 5.
An S-1VB battleship stage with flight-type S-IVB stage pressure propellant
supply ducts was used to supply propellants to the engine. A schematic
of the battleship stage is presented in Fig. 4.

Listings of major engine components and engine orifices for this test
period are presented in Tables I and II, respectively (Appendix II). All
engine modifications and component replacements performed since the
previous test period are presented in Tables III and IV, respectlvely The
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thrust chamber heater blankets were in place during this test period,
although they were not utilized. The requirement to measure side-load
forces was deleted beginning with test J4-1801-17. Side-load forces for
subsequent tests were restrained with stiff members mounted in the gim-
bal actuator positions.

2.1,1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 4) features the following
major components:

1.

Thrust Chamber - The tubular-walled, bell-shaped thrust
chamber consists of an 18. 6-in. -diam combustion chamber
(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length (L*) of 24,6 in., a 170. 4-in.2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices),
porous-faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16.0 in.2, respectively. The porous material,
forming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self lubricated and nominally produces,
at rated conditions, a head rise of 35,517 ft (1225 psia) of liquid

hydrogen at a flow rate of 8414 gpm for a rotor speed of

26, 702 rpm.

Oxidizer Turbopump - The turbopump is composed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces, at
rated conditions, a head rise of 2117 ft (1081 psia) of liquid
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm.,
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Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in-

. jector assembly. The oxidizer and fuel poppets provide a fuel

lead to the gas generator combustion chamber. The high energy

gases produced by the gas generator are directed to the fuel
turbine and then to the oxidizer turbine (through the turbine

crossover duct) before being exhausted into the thrust-cham-
ber at an area ratio (A/At) of approximately 11.

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and by-

. passes liquid oxygen from the discharge to the inlet side of the
. pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the battleship stage prevalves and
main propellant valves at engine shutdown,

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it. Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply to
the engine pneumatic control system.

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases which bypass the oxidizer turbine are
discharged into the thrust chamber.

Main Oxidizer Valve - The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high pressure duct between the turbopump and the main injector.
The first-stage actuator positions the main oxidizer valve at

the 14-deg position to obtain initial thrust chamber ignition; the
second-stage actuator ramps the main oxidizer valve full open

to accelerate the engine to main-stage operation.

Main Fuel Valve - The main fuel valve is a pne'umatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the fuel manifold.

'Pneumatic Control Package - The pneumatic control package

controls all pneumatically operated engine valves and purges.
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14. Electrical Centrol Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.

15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.

2.1.2 S-1YB Battleship Stage

The S-IVB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 199, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine to the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware tem-
peratures near normal operating levels and to prevent propellant tem-
perature stratification. Vent and relief valve systems are provided for
both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during S II f11ght were
routed to the respective facility venting systems.

2,2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-1lbf-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen (gaseous and liquid), hydrogen (gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery sys-
tems for operation of the cell and test article; and (4) control building,
containing test article controls, test cell controls, and data acquisition
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equipment. Exhaust machinery is connected with the spray chamber and
maintains a minimum test cell pressure before and after the engine firing
and exhausts the products of combustion from the engine firing. Before
a firing, the facility steam ejector, in series with the exhaust machinery,
provides a pressure altitude of 100, 000 ft in the test capsule. A detailed
description of the test cell is presented in Ref. 5.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.

This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in'length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule during steam ejector shutdown. The test cell was also equipped
with.(1) a gaseous nitrogen purge system for continuously inerting the
normal air in-leakage of the cell; (2) a gaseous nitrogen repressuriza-
tion system for raising test cell pressure, after engine cutoff, to a level
equal to spray chamber pressure and for rapid emergency inerting of

the capsule; and (3) a spray chamber liquid nitrogen supply and distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products.

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditions were the thrust chamber, crossover duct, start tank dis-
charge valve, and the main oxidizer valve second-stage actuator. Helium
was routed internally through the crossover duct and tubular-walled thrust
chamber and.externally over the start tank discharge valve. The main
oxidizer valve second-stage actuator was conditioned by the oxidizer with-
in the valve and ambient helium blown over the component as required to
attain the conditioning target. '

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
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flight instrumentation and to measure additional engine parameters. The
flight instrumentation was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC. Appendix III contains a list of all measured test
parameters and the locations of selected sensing points.

Pressure measurements were made using strain-gage-type pressure
transducers. Temperature measurements were made using resistance
temperature transducers and thermocouples. Oxidizer and fuel turbopump
shaft speeds were sensed by magnetic pickup. Fuel and oxidizer flow
rates to the engine were measured by turbine-type flowmeters which are an
integral part of the engine. The propellant recirculation flow rates were
also monitored with turbine-type flowmeters. Vibrations were measured
by accelerometers mounted on the oxidizer injector dome and on the turbo-
pumps. Primary engine and stage valves were instrumented with linear
potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, and
resistance temperature transducer units; (2) voltage substitution for the
thermocouples; (3) frequency substitution for shaft speeds and flowmeters;
and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during this
test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic tape, (3) photographically recording
galvanometer oscillographs, (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders. Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibrations). Television cameras, in conjunction with video tape re-
corders, were used to provide visual coverage during an engine firing,
as well as for replay capability for immediate examination of unexpected
events,

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the -
engine control system, major stage systems, the engine safety cutoff
system; the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The
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sequence of engine events for a normal start and shutdown is presented
in Figs. 7a and b, Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7c and d.

SECTION (il
PROCEDURE

Pre-operational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test period.

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
jacket purges were initiated before evacuating the test cell. After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust-ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing. The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished
as required, using the facility-supplied engine component conditioning
system. Engine components which required temperature conditioning
were the thrust chamber, the crossover duct, start tank discharge valve,
and main oxidizer valve second-stage actuator. Table V presents the
engine purges and thermal conditioning operations during the terminal
countdown and immediately following the engine firing.
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SECTION IV

RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Eleven firings of the J-2 rocket engine (S/N J-2047) were conducted
between November 27 and December 7, 1967, during test periods
J4-1801-17, 18, and 19. Each of these firings was in support of S-II
Stage, Vehicles 502 and 503, verification to evaluate fuel pump opera-
tion at low propellant net positive suction head'and the effect heavier

oxidizer turbine wheels have on the engine start transient.

Testing

was accomplished at pressure altitudes ranging from 90, 000 to 110, 000
ft at engine start. Total accumulated firing duration for these tests was

130 sec.

Selected engine components were thermally conditioned to targets

predicted for the S-II stage engines.

Conditioning targets for the engine

components and the measured test conditions at engine start are shown
in Table VI. Engine start conditions for the pump inlets, start tank, and
helium tank are shown in Fig. 8. Specific test objectives and a brief
summary of results obtained from each firing are presented as follows:

Firing
17A

18A

Test Objectives

S-II start simulation to evaluate
the minimum fuel pump stall
margin at reduced net positive
suction head, the maximum
pressure buildup time of the
thrust chamber to 550 psia

with minimum starting energy.

S-II start simulation to evaluate
the minimum fuel pump stall
margin at reduced net positive
suction head, and the thrust
chamber pressure buildup

time to 550 psia with minimum
starting energy.

A minimum fuel pump stall
margin of 700 gpm was meas-
ured at approximately 19, 000
rpm. Thrust chamber pres-
sure buildup to 550 psia oc-
curred at|tg+ 2.177 sec. The
test was prematurely termi-
nated at ity + 27.56 sec.

A minimum fuel pump stall
margin of 600 gpm was meas-
ured at approximately 18, 000
rpm. Thrust chamber pres-
sure buildup to 550 psia oc-
curred at to + 2. 241 sec.



" Firing
18B

Test Objectives

S-1I start simulation to evaluate
fuel pump stall margin during
start tank discharge with low
fuel pump net positive suction
head, gas generator tempera-
ture with warmest expected
(-150°F) thrust chamber, and
augmented spark igniter

" operation.

S-II start simulation to evaluate

:*: fuel pump operation at reduced

net positive suction head, gas
generator peak temperature,
and augmented spark igniter
operation with cold (-250°F),
thrust chamber. Determine

.'Ieffect of heavier oxidizer tur-

'bine wheels on start transient
by comparison with firing"
J4-1801-15B.

S-1II start simulation to evaluate
engine start transient with maxi-

. mum predicted flight fuel pump

inlet pressure and coldest
(-250°F) thrust chamber; com-
pare with 18C to determine
start tank temperature relation
with peak gas generator outlet
temperature,

S-1II start simulation to evaluate
fuel pump operation during start

., . tank discharge with low propell-

ant net positive suction head at

- engine start.

S-II start simulation to evaluate
fuel pump operation at reduced
net positive suction head.

AEDC-TR-68-73

Results

There were no apparent fuel
pump stall tendencies during
start tank discharge. The
initial gas generator outlet
temperature peak was 1725°F
with a secand peak of 1405°F,
No erosion of the augmented
spark igniter chamber was
detected.

No apparent fuel pump stall
tendencies were noted. The
initial gas generator outlet
temperature peak was 1900°F
with a second peak of 1360°F.
No erosion of the augmented
spark igniter chamber was
detected. ' Peak oxidizer tur-

‘bine speed during start tank

discharge was approximately
40 rpm lower on firing 18C
than on firing 15B.

Maximum predicted flight fuel
pump inlet pressure had no
apparent effect on the engine
start transient. The peak gas
generator outlet temperature
was 1855°F, or approximately
0. 5°F decrease in gas genera-
tor outlet temperature peak
for each 1. 0°F increase in
start tank temperature.

A conservative fuel pump stall
margin was maintained during
start tank discharge.

A minimum fuel pump stall
margin of 650 gpm was meas-
ured at approximately 19, 000
rpm,
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Firing
19B

19C

19D

19E

Test Objectives

S-II start simulation to evaluate
fuel pump operation at reduced
net positive suction head, the
effect of heavier oxidizer tur-
bine wheels on start transient
by comparing with firing
J4-1801-16B, and augmented
spark igniter operation with
maximum starting energy and
warm {-150°F) thrust chamber,

S-II start simulation to evaluate
fuel pump operation at reduced
net positive suction head, gas
generator outlet temperature,
and augmented spark igniter
operation with maximum
starting energy and warm
(-150°F) thrust chamber.

S-II start simulation to evaluate
the effect of heavier oxidizer
turbine wheels on the gas gen-
erator outlet temperature peak
with coldest (-250°F) thrust
chamber,

S-1II start simulation to evaluate
fuel pump operation with low
propellant net positive suction

head during start tank discharge.

Results

The fuel pump stall margin
was conservative throughout
the firing, Peak oxidizer
turbine speed during start
tank discharge was 75 rpm
lower-on firing 19B than on
firing 16B. No apparent ero-
sion of the augmented spark
igniter chamber was detected.

No apparent fuel pump stall
tendencies were observed
throughout the firing. The
peak gas generator outlet
temperature was 1675°F,
There was no erosion of the
augmented spark igniter
chamber detected.

The peak gas generator out-
let temperature was 1960°F.

A conservative fuel pump
stall margin was recorded
during start tank discharge.

The presentation of the test results in the following sections will

consist of a discussion of each firing with pertinent comparisons.

The

data presented will be those recorded on the digital data acquisition
system, except as noted.

4.2 TEST RESULTS

4.2.1 Firing J4-1801-17A

The programmed 30-sec engine firing was prematurely terminated
at ty + 27.56 sec when the oxidizer pump inlet pressure exceeded the

maximum operating safety limit.

10

This was not an engine anomaly, but
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resulted from pressurization of the oxidizer tank above the requested level
by the facility system. Conditioning requirements and test results at en-
gine start are shown in Table VI. The engine start and shutdown transients
of selected primary engine parameters are shown in Fig. 9. Selected engine
valve operatmg times during start and shutdown are shown in Table VII.

' The pressure altitude at engine start was 93,000 ft. Engine ambient
pressure and combustion chamber pressure histories during this firing
are shown in Fig. 10. The chamber pressure rise from 690 to 780 psia
at approx1mate1y tg t 16.5 sec reflects the propellant utilization valve
movement from the null to closed positions. This changed the engine
mixture ratio from 5.0 to 5.5,

" ~.‘Selected engine components were thermally conditioned to conditions
predicted for the S-II stage engines. Temperature histories of the main
oxidizer valve second-stage actuator, start tank discharge valve, cross-
over-duct, and thrust chamber prefire 17A are shown in Fig. 11.

»* Thrust chamber ignition (chamber pressure = 100 psia) was recorded
at'to +.1.027 sec. Main-stage operation (chamber pressure = 550 psia)
was achieved at t, + 2.177 sec. The main oxidizer valve second stage be-
gan to move at ty + 0.961 sec. Engine vibration (VSC) was recorded for
20\'nr'1s'ec beginning at t0 + 1,026 sec.

The maximum gas generator outlet temperature during the start
transient was 1500°F, There was no second temperature peak. The gas
generator control valve began to operate prematurely as shown in Fig. 12,
The remaining firings were cancelled because of this anomaly. Posttest
inspection revealed that "opening" pressure was leaking past a seal in the
main oxidizer valve sequence valve which tended to prematurely open the
gas.generator control valve,

Fuel pump head/flow data are compared with manufacturer-supplied
stall inception data in Fig. 13. A minimum fuel pump stall margin of 700
gpm was recorded at approximately 19, 000 rpm.

Steady state engine performance data are tabulated in Table VIII.
Test data were averaged from 24 to 25 sec and input in the Rocketdyne
PAST 640, modification zero, performance computer program. Engine
test measurements required by the program and program computations
are presented in Appendix IV,

4.2.2 Firing J4-1801-18A

T_he programmed 30-sec firing was successfully accomplished.
Conditioning requirements and test results at engine start are shown in

11
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Table VI. The engine start and shutdown transients are shown in Fig. 14.
Selected engine valve operating times during start and shutdown are shown
in Table VII.

The pressure altitude at engine start was 91, 000 ft. Engine ambient
and combustion chamber pressure histories during the firing are shown
in Fig. 15, At tg + 13.5 sec, the propellant utilization valve was operated
to change the engine mixture ratio from 5.0 to 5.5 as shown by the com-
bustion chamber pressure increase from 680 to 775 psia.

Selected engine components were thermally conditioned to conditions
predicted for the S-II stage engines. Temperature conditioning histories
of the main oxidizer valve second-stage actuator, start tank discharge
valve, crossover duct, and thrust chamber prefire 18A are shown in
Fig. 16.

Thrust chamber ignition (chamber pressure = 100 psia) was recorded
at tg + 1. 042 sec with the main oxidizer valve second-stage initial move-
ment beginning at't; + 0.964 sec. Engine vibration (VSC) was recorded
for 32 msec beginning at t5 + 1.031 sec. Combustion chamber pressure
buildup to 550 psia (main-stage operation) occurred 2.241 sec after to
The maximum gas generator outlet temperature was 1345°F with no second
peak.

Fuel pump transient head/flow data are compared with stall inception
data supplied by the manufacturer in Fig. 17. A minimum fuel pump stall
margin of 600 gpm was measured at approximately 18, 000 rpm.

Steady-state engine performance data are tabulated in Table VIII,
Test data were averaged from 29 to 30 sec and input in the Rocketdyne,
PAST 640, modification zero, performance computer program. Engine
test measurements required by the program and program computations
are presented in Appendix IV.

4.2.3 Firing J4-1801-18B

A programmed 5-sec duration was achieved for this firing. Condition-
_ing requirements and test results at engine start are shown in Table VI.
The engine start and shutdown transients of selected engine parameters
are shown in Fig. 18. Selected engine valve operating times are tabulated
in Table VII. Temperature conditioning histories of selected engine compo-
nents, prefire 18B, are shown'in Fig. 19. The pressure altitude at engine
start was 106, 000 ft. Engine ambient pressure and combustion chamber
pressure histories are shown in Fig. 20. The propellant utilization valve
was in the null position (mixture ratio = 5.0) during this firing.

12
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Thrust chamber ignition (chamber pressure = 100 psia) occurred at
!tol.-l_- 0.962 sec., The initial main oxidizer valve second-stage movement
began atity+ 1.028 sec. Engine vibration (VSC) was recorded for 64
msec beginning atlt |+ 0,960 sec. Main-stage operation (chamberpres-
sure = 550 psia) was achieved atity|+ 1.930 sec. The initial gas genera-
tor, outlet temperature was 1725°F with a prolonged]secondlpeak of 1405°F,
as. shown in Fig. 18,

L]
?

Fuel pump transient head/flow data are compared with stall inception
data in Fig. 21. A conservative stall margin was maintained throughout
the firing.

4.2.4, Fiting J4-1801-18C

The programmed 5-gec firing was successfully accomplished. Con-
ditioning requirements and test results at engine start are shown in
Table, VI. The engine start and shutdown transients of selected engine
parameters are shown in Fig. 22, Selected engine valve operating times
are tabulated in Table VII. Temperature conditioning histories of selected
components, prefire 18C, are shown in Fig. 23. The pressure altitude
at engine start was 106, 000 ft. Engine ambient and combustion chamber
pressure histories during engine operation are shown in Fig. 24. This
firing was conducted with the propellant utilization valve in the null posi-
tion (mixture ratio = 5.0).

, Firing 18C compares closely with test conditions for firing J4-1801-15B,
Ref, 6, with the following exceptions:

.1.- 18C had heavier oxidizer turbine wheels, and

‘2, 18C had a larger oxidizer turbine bypass valve nozzle
(1. 430 versus 1,319 in.).

This close similarity permitted evaluation of the effect heavier oxidizer
turbine wheels have on the engine start transient before the oxidizer tur-
bine bypass valve began to close. The oxidizer turbine bypass valve began
to close atjtgyl+ 0.670 sec on firing 18C, and|t '+ 0.668 sec on firing 15B.
During start tank discharge and before the bypass valve began to close, the
peak oxidizer pump speed was 3565 rpm, approximately 40 rpm less than
occurred on firing 15B, as shown in Fig. 22,

Thrust chamber ignition (chamber pressure = 100 psia) occurred at
't0\+ 0.977 sec. Engine vibration (VSC) was recorded for 138 msec begin-
ning at!t i+ 0.976 sec. The initial main oxidizer valve second-stage move-
ment began at'tg+ 1.031 sec. Main-stage operation (chamber pressure =
550 psia) was achieved at|ty|+ 2.016 sec. The peak gas generator outlet
temperature was 1900°F with a second peak of 1360°F as shown in Fig. 22,

13
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Comparison of test data from firings 18B and 18C revealed that the thrust
chamber throat temperature was approximately 100°F colder on firing 18C,.
This resulted in about 175°F hotter peak gas generator outlet temperature
on firing 18C.

t'uel pump performance is shown in Fig. 25. Transient head/flow data
are compared with stall inception data and show that a conservative stall
margin was maintained throughout the firing.

4.2.5 Firing J4-1801.18D

The programmed 5-sec firing was successfully achieved. Conditioning
requirements and test results at engine start are shown in Table VI. The
engine start and shutdown transients are shown in Fig, 26. Selected engine
valve operating times during start and shutdown transients are tabulated
in Table VII. The pressure altitude at engine start was 106, 000 ft. Engine
ambient and combustion chamber pressure histories are shown in Fig. 27.
Temperature conditioning histories of selected engine components prefire
18D are shown in Fig. 28.

Comparison of firing 18C with 18D revealed that no significant change
in the start transients resulted from the high fuel pump inlet pressure.
Start tank temperature was approximately 100°F warmer on firing 18D.
This resulted in approximately a 45°F lower gas generator outlet tempera-
ture peak on firing 18D.

Thrust chamber ignition occurred at ty + 0. 988 sec. The main oxi-
dizer valve second stage began to move at ty+ 1.035 sec during engine
vibration (VSC). Engine vibration (VSC) was recorded for 46 msec begin-
ning at t; + 0.986 sec. Main-stage operation was achieved at t;+ 1.933
sec.

Transient fuel pump performance is shown in Fig. 29. Transient
head/flow data show that a conservative stall margin was maintained
throughout the firing.

4.2.6 Firing J4-1801-18E

A programmed firing with 400 msec of main-stage operation was
successfully conducted. Conditioning requirements and test results at
engine start are shown in Table VI. The start and shutdown transients of
selected engine parameters are shown in Fig. 30. Selected engine valve
operating times are tabulated in Table VII. The pressure altitude at en-
gine start was 105, 000 ft. Engine ambient and combustion chamber pres-
sure histories are shown in Fig. 31. Temperature conditioning histories
of selected engine components prefire 18E are shown in Fig. 32.

14
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Trans1ent fuel pump performance is shown in Fig. 33. Transient
head/flow data show'that a conservative stall margin was observed during
start tank discharge.

4.2.7 Firing J4-1801-19A

"The programmed 32, 5-sec firing was successfully accomplished.
Conditioning requirements and test results at engine start are shown in
Table VI. The engine start and shutdown transients are shown in Fig. 34.
Selected engine valve operating times are tabulated in Table VII. Selec-
ted engine components were thermally conditioned prefire 19A to condi-
tions predicted for the S-II stage engines, as shown in Fig. 35.

.The pressure altitude at engine start was 90, 000 ft. Engine ambient
and combustion chamber pressure histories are shown in Fig. 36. The
propellant utilization valve was operated at t, + 12.5 sec to change the
engine mixture ratio from 5.0 to 5.5. This is shown by the increase from
680 to 740 psia in combustion chamber pressure.

Thrust chamber ignition (chamber pressure = 100 psia) occurred at
tg'+ 1.035 sec. Main-stage operation was achieved at t, + 2. 208 sec
{(chamber pressure = 550 psia). The initial main oxidizer valve second-
stage movement occurred at ty+ 0. 995 sec. Engine vibration (VSC) was
recorded for 35 msec beginning at tg + 1.035 sec. The maximum gas
generator outlet temperature recorded was 1285°F,

. 'Ifansient fuel pump head/flow data are compared with the stall in-
ception line in Fig. 37. A minimum fuel pump stall margin of 650 gpm was
recorded at approximately 19, 000 rpm.

Steady-state engine performance data are tabulated in Table VIII.
Test data were averaged from 29 to 30 sec and input in the Rocketdyne
past 640, modification zero, computer performance program. Engine
test easurements required by the program and program computations
are presented in Appendix IV,

4.2.8 Firing J4-1801-198

The programined 7. 6-sec firing was successfully accomplished.
Conditioning requirements and test results at engine start are shown in
Table VI. The engine start and shutdown transients are shown in Fig. 38.
Selected engine valve operating times during start and shutdown tran-
sients are tabulated in Table VII. Selected engine components were ther-
mally conditioned prefire 19B to conditions predicted for the S-II stage
engines, as shown in Fig. 39.

15
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The pressure altitude at engine start was 106, 000 f{. Engine |amb1en1:|
and combustion|chamber pressure histories are shown’'in Fig. 40, The
propellant utilization valve was positioned to provide an engine mixture
ratio of 5.0,

Firing 19B compared closely with the test conditions for firing
J4-1801-16B, Ref. 3, with the following exceptions:

1. 19B had heavier oxidizer turbine:wheels,|and

2, 19B had allarger oxidizer turbine
bypass valve nozzle (1.430 versus 1.319 in.).

This close] s1m11ar1tylperm1tted evaluation of the effect heavier oxidizer
turbine wheels have on the engine start transient before the oxidizer tur-
, ‘bine valve[ began to close, The oxidizer turbine bypass valve began to
close at t; + 0.684 sec on firing 19B and at |t + 0.655 sec on firing 16B.
During start tank discharge and before the bypass valve began to close,
the peak oxidizer pump speed was 3590 rpm, approximately 75 rpm less
than occurred on firing 16B, as shown in Fig. 38.

Thrust chamber ignition (chamber pressure = 100 psia) occurred at
|tol+ 0.965 sec. Main-stage operation was achieved at.t; + 1,950 sec
(chamber pressure = 550 psia). The initial main oxidizer valve second-
stage actuator movement occurred atltg+ 1.076 sec. The maximum gas
generator outlet temperature recorded was|1610°F. | Engine vibration
(VSC) was recorded for 20 msec beginning at;’t6|+ 0.964 sec.

Transient fuel pump head/flow data are compared with the stall
inception line in Fig. 41. A conservative stall margin was observed
throughout the firing.

4.2.9 Firing J4-1801-19C

The programmed 7. 6-sec firing was successfully| accomplished.
Conditioning requirements and test results at engine start areishown
in Table VI. The engine start and shutdown transients are shown in
Fig, 42, Selected engine valve operating times during start and shutdown
transients are tabulated in Table VII. Selected engine components were
thermally conditioned prefire 19C to conditions predicted for the S-II
stage engines, as shown in Fig. 43.

The pressure altitude at engine start was 106, 000 ft. Engine
ambient and combustion chamber pressure histories are shown in Fig. 44.
The propellant utilization valve was positioned to provide an engine mix-
ture ratio of 5.0.

16
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Thrust chamber ignition (chamber pressure = 100 psia) occurred at
tg.+ 0,957 sec. Main-stage operation was achieved at t; + 1.939 sec
(chamber pressure = 550 psia). The initial main oxidizer valve second-
stage adctuator movement occurred atit, + 1.075 sec. The maximum gas
generator outlet temperature recorded was 1675°F. 'Engine vibration
(VSC) was recorded for 20 msec beginning at ty + 0.955 sec.

‘Transient fuel pump head/flow data are compared with the stall in-
ception line in Fig, 45. A conservative stall margin was observed through-
out the firing.

4.2.10 Firing J4-1801-19D

The programmed 7. 6-sec firing was successfully accomplished.
'Cond1t10n1ng requirements and test results at engine start are shown in
Table VI The engine start and shutdown transients are shown in Fig. 46.
Selected engine valve operating times during start and shutdown transients
are tabulated in Table VII. Selected engine components were thermally
cond1t1oned prefire 19D to cond1t1ons pred1cted for the S-II stage engines
as''shown in Fig. 47.

The pressure altitude at engine start was 110, 000 ft. Engine ambient
and’ combustion chamber pressure histories are shown in Fig. 48. The
propellant ut1hzat10n valve was positioned to provide an engine mixture
ratio of 5. 0.

* Thrust chamber ignition (chamber pressure = 100 psia) occurred at
to+ 0.990 sec. Main-stage operation was achieved at t5 + 2.058 sec
(chamber pressure = 550 psia). The/initiallmain oxidizer valve second-
stage ‘aétiator movement occurred at to+ 1.024 sec. The maximum gas
generator outlet temperature recorded was 1960°F. Engine vibration (VSC)
was recorded for 35 msec beginning at to + 0.0984.

Transient fuel pump head/flow data are compared with the stall in-
ception line in Fig. 49. A conservative stall margin was observed through-
out the f1r1ng

4.2. l‘l Firing J4.1801-19€

A programmed firing with 400 msec of main-stage operation was
successfully conducted. Conditioning requirements and test results at
engine start are shown in Table VI. The start and shutdown transients of
selected engine parameters are shown in Fig, 50. Valve operating times
of selected engine components are tabulated in Table VII. Temperature
cond1t1on1ng histories of the main oxidizer valve second-stage actuator,
stait tank discharge valve, crossover duct, and thrust chamber throat
prefire 19E are shown in Fig. 51. The engine ambient and combustion

17
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start tank discharge valve, crossover duct, and thrust chamber throat
prefire 19E are shown in Fig. 51. The engine ambient and combustion
chamber pressure histories are shown in Fig. 52. The pressure altitude
at engine start was 110, 000 ft.

Transient fuel pump performance is shown in Fig. 53. Comparison
of transient head/flow data with the stall inception line revealed that a
conservative stall margin was maintained during start tank discharge.

The gas generator control valve was inadvertently conditioned to
-185°F, This resulted in abnormal delay and opening times of the gas
generator poppets, as shown in Fig. 54,

4.2.12 Posttest Inspection

Leak checks performed posttest J4-1801-17 revealed that the start
tank discharge valve was leaking and required replacing before test
J4-1801-18. Visual inspection of the augmented spark igniter chamber
revealed no apparent erosion. Improper gas generator control valve oper-
ation during firing 17A resulted in the removal and checking of the main
oxidizer valve and the oxidizer turbine bypass valve. A leaking seal in
the main oxidizer valve sequence valve was found to be allowing "opening"
pressure to prematurely operate the gas generator control valve,

Visual examination after tests 18 and 19 detected no apparent
erosion of the augmented spark igniter chamber.

SECTION V
SUMMARY QF RESULTS

The results of these eleven firings of the J-2 Rocket Engine conducted
during Tests J4-1801-17, 18, and 19 between November 27 and December
7, 1967, in Test Cell J-4 are summarized as follows:

1. The increased inertia of the heavier oxidizer turbine wheels
resulted in a decrease of less than 75 rpm in peak turbine speed
during start tank discharge, before the oxidizer turbine bypass
valve began to close.

2, A decrease in thrust chamber throat temperature from -153 to
-250°F resulted in approximately a 175°F increase in initial
peak gas generator outlet temperature.

3. Maximum predicted fuel pump inlet pressure of 38. 2 psia re-
sulted in no apparent change in the engine start transient.

18
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- 4.} An increase in start tank temperature from -242 to -145°F at

...+ a constant pressure of 1400 psia resulted in approximately a
. 45°F decrease in initial peak gas generator outlet temperature.

5. All firings with low fuel pump net positive suction head main-
‘tained conservative fuel pump stall margins.

~ B6." There wasg no .apparent erosion of the augmented spark igniter
.« . chamber.
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Fig. 2 Test Cell J-4, Artist's Conception
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Time Index Lines, 1-sec Intervals

Engine Start

Bleed Valves Close

|
He Control, Start Tank Discharge Delay
Timer, ASI and GG Sparks on Ignition-
Phase Control Solenoid Eperglzed

Oxidizer Dome and GG
Oxidizer Purge Flow

0 ASI Ox

oMain Fuel Valve Open

idizer Valve Open

Main Fuel and ASI

Propellant Flow
Fuel Temperature OK Signnl""’

Ignition~-Phase Timer Ener-

gized 0.450 % 0.030 sec v

v.&I\SI Ignitlion Dete|cted l I

¥ Start Tank Discharge Delay
STDV Delay 0.640 1 0.030 sec

o STDV Open

= GH, Flow

Timer Expires

Pump Buildup

Ignition-Phase Timer Expires
¥Main-Stage Signal

Purge Control Valve Closed

Main Oxidizer Flow

GG Propellant Flow

Oxidizer Turbine Bypass Valve Closed
Main-Stage OK Signal

Bypass Flow through Normally Open
Oxidizer Turbine Bypass Valve

;Ihin-snge Control, Solenoid Energized

Sparks De-Energized, Timer Energized
s | 3.30 £ 0.20 sec
£ STDV Closed

D HOV Starts to Open
| | ] [
_

MOV Full Open

S GG Valves Open

[—

v

ASI and GG Sparks De-Energized

v
90-p¢|arcent 'rl-irust'

a. Start Sequence

Signal Time, sec 0 0.1

0.2 0.3 0.4 0.5 0.6 0.7 0,8 0.9 1.0

Cutoff Signal

GG Valve Close {Oxidizer)

GG Valve Close (Fuel)
ASI Oxidizer Valve Close

MOV Close

Main Fuel Valve Close [

Oxidizer Dome Purge and GG
Oxidizer Purge on

He Control Solenoid
De-Energizes

Bleed Valves Open

b. Shutdown Sequence

Fig. 7 Engine Start and Shutdown Sequence
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Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Recirculation Pumps
0ff Signal

Recirculation Valves
Close Signal

Engine Start Signal

Valve Open Signal

Start Tank Discharge 1&2

1Nominal Occurrence Time (Function of Prevalves Opening Time)
2y _sec Fuel Lead (S-II/S-V and S-IVB/S-IB)
38—sec Fuel Lead (S-IVB/S-V and S-IB Orbital Restart)

c. Normal Logi¢ Stort Sequence

Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal
Engine Start Signal

Oxidizer Recirculation

Pump Off Signal
Fuel Recirculation 2&
Pump Off Signal

Recirculation Valves A
Close Signal

Valve Open Signal

Start Tank Discharge Ai

13-sec Fuel Lead (S-1VB/S-V First Burn)

d. Auxiliary Logic Start Sequence
Fig. 7 Concluded
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Temperature, Op

AEDC-TR-68-73

Saturation Line— —
N
-280 |
Sym Test P Safe Start
i o 19A r e Envelope —5 =
i o 19B /
O 19C
a 19E P
s L
Start
-290 ¢ D Target Test
17A
— 18A | —
I /l— —Test igg
- =2 18D
198
Test 18E 19C
19E 19D
-300
30 40 50
Pressure, psia
a. Oxidizer Pump Inlet
-415 I
Safe Start Envelope —\ //
/' /,
4/
| Saturation /}/
X Line Py
N\T A
1 —
-420 -
t 18E Test 17A
"l‘esml 184 —Test 18D
18B
° 18C L ol
— 19A
Test 19E _— 19B
19C
19D
-425
20 30 40

Pressure, psia

b. Fuel Pump Inlet
Fig. 8 Engine Start Conditions for the Pump Inlets, Start Tank, and Helium Tank
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Temperature, Of

[empecrature, Op

Constant Energy

Line*
2700 2800 2900 3000
Tant ig? Btu Btu Btu Btu
-100 1
— ~ B 2.5 1b_
L Sym Test 4 F + —
r ]
[ & 17 - .| Test 18D
o 184 s 1
O  18C , =
i U 18D Lt ] T
D 18E Oq U1 /1 ¢/ oy —
-200 D start | —t{ / / ! I Y m|
Target 7 7T =7 7
| ’,f_ —17 | —Constant
_ ey 4.0 1b Mass Line
l / - A—//- / = | "
17 |/ ,Z\ ' — Test 18B
/ rd ’, 18C
-300 [l Z R N 18D
a . ] ——— | — Safe Start
Envelope
1000 1100 1200 1300 1400 1500
Pressure, psia
c. Start Tank
=100 H T T T
" Sym Test |
| < 19A !
l D 19B A 4
'| o 1ec I
v v 19D v o |
| a 19E :
|
Start
-200 ! [::] Target |
| o
{ |
1 o ]
I o I
i O 1
| ° L
| v | | | |
=360 |- Pressure Range for Engine Start—'i
] 0
1 1
1600 2000 2400 2800 3200 3600
Pressure, psia

*Calculated from "Table of Thermal
Properties of Gases'" National Bureau
. of Standards Circular 564, November 1965.

d. Helium Tank

Fig. 8

Concluded
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PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 1073

28

241

201

16-

121

107

PRESSURE, PSIR

PRESSURE, PSIA

AEDC-TR-68-73

1400 |
FUEL PUMP SPEED, NFP-1P—\
1200 —
1000 e =
FUEL PUMP DISCHARGE || A ]
mEo PRESSURE, PFPD-2 o A
== L
,// // |
'--______,_,..--i-"—"' /____,...—---r
600 5 e
Vi e,
400 I y4p7 -
/ //K N=CHAMBER PRESSURE, PC-3
200 [ = —]
[ - FUEL INJECTOR PRESSURE, PFJ-2
- .
; C LT 111
a. Thrust Chamber Fuel System, Start
1000
800 OXIDIZER PUMP DISCHARGE VoV
PRESSURE, POPD-2—. | ~" T 17~
)
600 /// L
V/
OXIDIZER PUMP S PEED, Nop-w—,/// //
L
/4k‘\mmmam PRESSURE, PC-3
200 //VA 3 /r\///
S
0 1 2 3
TIME, SEC

b. Thrust Chomber Oxidizer System, Start
Fig. 9 Engine Transient Operation, Firing 17A
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PUMP SPEED. RPM X 10-3

PUMP -SPEED, 8PM X 1073

281 1400
24} 1200 \ S
20+ 1000 \ _ -P“;"_m-
< N \ | \—1—FUEL P‘{“ip__sﬂl’:‘i- NFP-1P
m i
16+ £ 800 j—=df=at—2] e =
ui R ”"\\““—ﬂ—:;\.I:' I
12 L % 600 i Iepeem—— - =7, P I } i
a s Ne—FUEL PUMP DISCHARGE PRESSURE, PFPD-2
ol B o L
ENG INE FUEL INJECTOR PRESSURE, PFJ-2
E \ |/ THEL R InE Frd=¢ |
_ _CLITOFF--\ \ I [ | | |‘ _] 1
41 200 [~ SIGNAL " CHAMBER PRESSURE, PC-3 f
B _1_ : s e
0 0
¢. Thrust Chomber Fyel System, Shutdown
10y 1000 \Y——oxmlim PUMP DISCHARGE
\] PRESSURE, POPD-2
8f 800 A e
\
o \ \ OXIDIZER PUMP SPEED, NOP-1P
6l » 600
. \
w
& \
ut & uoo r—'\‘\
ol
* ~ CHAMBER v\w’x\
| o0 L PRESSURE _ ~__ |
TYAMAA

|
27 Z 28 29
ENG INE

CUTOFF siGnAL | [ME. SEC
d. Thrust Chamber Oxidizer System, Shutdown

Fig. 9 Continved
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PRESSURE,

AEDC-TR-68-73

TIME, SEC

f. Gas Generator Chamber Pressure and Temperature, Start

Fig. 9 Cantinved
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oF

TEMPERARTURE,

2800 7
2400
2000 1
1600 {
1200 |

800 |

400

-4go L+

PRESSURE. PSIR

PSIA

PRESSURE,

800 f—p—p=—g
700 \
Al
600 .L
e \ _
400 |— _|={—1—G6As GENERATOR FUEL INJECTOR
— | PRESSURE, PFJGG-2
300 }—- 1. N T U B B B
_ N\| __|__ | —GAS GENERATOR OXIDIZER
200 ’\\|_/|__INJECTOR PRESSURE, P0JGG-2
| ENGINE AL |
SIGNAL |\ ]
o - I
g. Gas Generator Injector Pressures, Shutdown
800
T
700
.
600 i
500 /—GAS GENERATOR OUTLET
/ TEMPERATURE, T6GO-1A
\ / I L
400 \\/[—: i e S
300 — — A1
200 |—- GAS GENERATOR CHAMBER
ENG INE PRESSURE, PCGG-2
CUTOFF 1
100 Fs oL T\ | -
o LI YN
27 ! 28 29 30

TIME, SEC

h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 9 Concluded
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Fig. 10 Engine Ambient and Combustion Chamber Pressures, Firing 17A
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100
+( —
W CONDITIONING TARGET, -40 o %F ——
o. 0 ;\\
: = s
: | IR N = 2
wi
= _100 |- S S N P - -
- -1
-200
a. Main Oxidizer Valve Seco{nd-Sfcge Actuator, TSOVC.1
100
LT T T,
WL LT T T
5 0 — 1| f—
o _ _ R L1 1 4CONDITIONING TARGET,
« +50 + 250F
= | N | L
E:J — g —] —_
= _100 |- — bt | - -
- —— -— S p— - F—— —
-200 -
-40 -30 -20 -10 0

TIME, MIN
b. Start Tank Discharge Valve, TSTDVOC
Fig. 11 Thermol Conditioning Hisfcr'y of Engine Components, Firing 17A
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]00 T T T T
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- START TANK / mn-sd
50 1
FUEL TURBINE - - ﬁ
> ' A
ol Fp-2—" |
CROSSOVER DUCT-" TF‘M | .
i = +
/- TFID-8 ~CONDITIONING TARGEI', -100 _ffoF
«5p | 7 / ‘
R EG TR NN W
-100 *——“Ltg ‘\\ \\\\ \\\\\\k N\ A\ A AN
. % _ I F10-2— |
~150
c. Crossaver Duct, TFTD
100 |
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-300
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d. Thrust Chumbe'r Throat, TTC-1P
Fig. 11 Concluded
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Poppet Opening Time
Gas Generator Oxidizer
Poppet Opening Time

Open [ 7O VAARBTLLERIIUIRUSUITAGIE™ (1 N\ Ne—em L ____ —
Level
Time of
Opening Signal
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Fig. 12 Gas Generator Contrfl Valve Position, Firing 17A
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PUMP SPEED, RPM X 10-3

PUMP SPEED, RPM X 10-3
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20 1000 % |
= FUEL PUMP DISCHARGE — s s
= PRESSURE, PFPD-2—
161 £ 800 N 1
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{3 e Ve
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8+ uoo 7%
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'-l" 200 [ A/ N
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a. Thrust Chambey Fuel System, Start
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> A | | |
61 o 600 A i T
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b. Thrust Chamber Oxidizer System, Start
Fig. 14 Engine Transient Operation, Firing 18A
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d. Thrust Chamber Oxiﬂizer System, Shutdown
Fig. 14 Continued
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Fig. 14 Continved
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h. Gas Generator Chamber Pressure and Temperature, Shutdown

Fig. 14 Concluded
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Fig. 15 Engine Ambient and Combustion Chamber Pressures, Firing 18A
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b. Start Tank Discharge Valve, TSTDYOC
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